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Diuision. of Nutritional Sciences. Cornell Un.iuersity , Ithaca, New York 
A study was carried out to eval uate t he use of changes in ha ir root morphology in t he 
assess ment of protein-calorie ma lnutrition (PCM) among a group of Black West Indian 
children . 
Sign ifi cant differences in mean s haft diameter, mean % anagen, and mean % telogen were 
found only between the well-nourished and the severely ma lnouris hed groups . No signi ficant 
differences in mean % atrophy, and in mean di ameter of anagen bulbs were found among 
well-nourished children, children with mild-moderate PCM , severely malnourished children, 
and children hosp itali zed for condi tions with a secondary effect on nu t rition al status . 
The method was found to be t ime consuming; it can be used only fo r differentiating 
well-nourished from severely malnouris hed ch ildren; and it cannot be used for determining 
t he prevalence of the different degrees of PCM. For t hese reasons, t he method is not 
recommended for use in the fie ld assess ment of PCM. 
The poss ible use of head ha ir in the assessment 
of protein-calori e malnutrition (PCM) has been 
cons idered for some t ime. PCM is a disease caused 
by a deficiency of protein a nd/or calories. It is 
characterized in its severe forms by kwashiorkor , in 
whic h the deficiency is more one of protein t han of 
calories, and by nut ri t iona l marasmus in which 
there is a deficiency of both protein and ca lories . 
The general picture of mild-moderate PCM is of an 
underweight, disproportionate child, with a long-
seeming body, thin limbs, and a head that appears 
too large [1). Of the 11 signs which have been listed 
as indicative of PCM in yo ung children [1], 4 deal 
with ha ir . These a re dysp igmentation of the hair ; 
easy pluckability of th e ha ir; t hin , sparse ha ir; and 
straight ha ir . 
Comparative studies have been made of the ha ir 
of children with and without PCM with respect to 
a n umber of hair characteristics . Studies of ha ir 
pigmentation [2), rate of ha ir growth [3,4 ), tensile 
strength [5), mechanical strength (6), and hair 
shaft diameter [3,4,7,8 ] a ll indicate s ign ificant 
ch anges in t hese cha racterist ics in children with 
severe PCM. Con f1i cting results have been ob -
tained in studies of the sul fur amino ac id [7,9- 12], 
copper [13-15], and zinc [16 ] content of hair . 
One of the newest of the techniques t hat have 
been proposed for t he assessment of PCM is based 
on t he use of changes in ha ir root morphology. 
Bradfield and Jelliffe [17 ), report 't hat changes in 
hair root morphology can be standardized and 
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classified, t hey are present in mild-moderate PCM, 
and are therefore useful as a "sensitive confirma-
tory indicator" of early malnutrition in communi ty 
surveys. Bradfield and co-workers have used t he 
technique in several different studies with some 
very striking resul ts [17- 23 ). 
However, the limitat ions of the technique have 
not been adequately discussed in Bradfield 's publi-
cat ions. In addition , few oth er workers have pub-
lish ed results using t he technique with t he resul t 
that very li tt le has been written that is crit ica l or 
supportive. Malcolm , Balasubramaniam, and Ed-
wards [24] found that t he technique provided a 
rapid method for t he measurement of marginal 
malnutrition in New Guinean children. Kanawati 
and McLaren [25], on t he other hand , h ave postu-
lated that epi lation is trau matic to t he subject and 
possibly to t he ha ir, and that the procedure is 
tedious a nd t ime consuming. Crounse, Bollet , and 
Owens [26) mention that experienced observers are 
needed for the tec hnique which is subjective and 
on ly semiquantitative. Both of t hese criticisms, 
however, appea r not to be based on extensive 
practical experience wit h t he method. 
, The present work was undertaken to evaluate 
the usefulness of the technique in t he assessment of 
PCM in a group of Black West Indian children . 
MATERIALS AND METHODS 
The sample was made up of 55 Black Jamaican 
ch il dren, 7 months to 5 years of age, and was subdivided 
into 3 subsamples. Subsample 1 consisted of 29 children 
of canec utters employed at Parnassus Sugar Estate 
situated in the parish of Clarendon in Jamaica. Subsam-
pie 2 was made up of 5 children with nutritional 
maras mus and 9 with kwashiorkor admitted to the 
hospital of the University of the West Indi es in Mona, 
J amaica . These children had been hospita lized for a 
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max imum of 3 days prior to being included in t he study . 
Subsample 3 consisted of 12 children a dmitted to the 
same hospita l for conditions other t han malnutrition but 
so me of wh ich a re recognized as havin g a secondary effect 
on nutr itional stat us. These were cond it ions such as 
gastroenter it is, parasitic infestations, glomerulon ephri-
tis, measles, and menin gitis. 
Hair root sa mpl es were obta in ed from each child by 
pluckin g ha irs from the occ ipita l a rea of the head using a 
modificat ion of Bradfield 's tec hnique [22 ). A s ma ll group 
o f' ha irs was lifted firmly from the scalp and st retched 
ta ut , t he pressure being firm enough to ca use a lift in g of 
the scalp in the a rea beneath the uplifted ha irs. Five to 
ten hairs were tightly grasped with a pair of Bergh Culia 
ep il ation fo rceps placed as close to the scalp as possible, 
and t he ha irs rapidly ep il ated with a quick fo rceful pull. 
Between 50 and 100 hairs were plucked from t he hea d of 
each child , care bein g taken to use d ifferent scalp 
locat ions on successive sa mpl es. Beca use of the shortness 
and curl iness of the children 's hair, it was not poss ible to 
use a s ingle pluck as is possible with straight-ha ired 
children. After plucking, the sa mpl es were imm ediately 
pl aced in glass ine envelopes which were then sealed with 
Scotch tape and stored in a refri gerator un t il exa mined. 
For examination, ha irs bearing in tact roots were 
mounted, 3 at a t ime, in water on glass s lides which were 
t hen covered with glass cover-s lips. T he specimens were 
exami ned at a power of la x under a microscope (Reichert 
Wien Nr. 214724). 
T he h air roots were class ified by growth stage into 
anagen, telogen , or atrophy as described by Bradfield 
(22 ). For d i agno~t i c purposes, catagen ha ir roots were 
included wit h the telogen hairs . M ean shaft diam eter (in 
mm x 10 - 2 ), mean bul b dia meter ( in mm x 10- 2), % 
anagen (includ in g both anagen and atrophied hai r rouls) , 
atrophy (expressed as % of an agen), a nd % telogen were 
determined for each child on an average 01' 25 ha ir roots. 
S ha ft dia meter was meas ured on a ll ha irs at a poin t 
imm ed iately d istal to t he upper margin of the bulb, the 
sheaths not being included in t he measurements. Bulb 
diameter was measu red, a long the max imu m diameter of 
the bulb, on t he a nagen and atrophied ha ir roots. The 
externa l and internal root sheaths were not in c'luded in 
the measurement of the bulb diameters. All d iameters 
were measured by means of an eyepiece micro meter 
(American Optical Corp . 1406A). 
The weights and heights of t he children were deter-
mined as described by J elli ffe [I) . Ages were verified by 
means of birth registrat ion cert ifi cates. Waterlow's clas-
s ification [27 J was used to class ify t he canecutte rs' 
children as well nourished (weight/ height ~ 90% of 
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standard) , and mi ld -moderate PCM (weight/height be-
tween 71 and 89% of standard ) . Weight/height was used 
because it is a better index of current nut ri t ional status 
t han weight/age in which past nutrit ional history is 
superimposed on current nu t ri tional s tatus. 
One-way analys is of variance and the Scheffe multiple 
ran ge test were used to test for s igni ficant differences (at 
the 5% level) in shaft diameter a nd bulb di a meter among 
t h e 4 groups, whi le the Krus kal- Wallis and the Mann- -
Wh itney U tests were used for % anagen , % atrophy, a nd 
% t elogen. 
RESULTS 
The Table shows the hai r root characterist ics by 
weight/ height. T he age range was s imilar in t he 4 
groups ana lyzed . A sign ificant difference (p < 
0.05) in shaft diameter was found between the 
well-nourished and the severely malnourished chil-
dren, but none among groups 1, 2, and 4, and 
among groups 2, 3, and 4. No s ignificant difference 
in bulb diameter was found a mong the gro ups, 
though t here does appear to be a stepwise reduc-
tion in bulb diameter with in creas ing severity of 
PCM. The severely malnourished children showed 
a sign ificant ly higher % telogen t han each of the 
other 3 groups, indicat ing a significant shi ft to the 
telogen phase of hair growth. No sign ificant differ-
ence in % anagen and in % telogen was fo und 
among groups 1, 2, and 4. T here was also no 
s ign ificant difference among t he groups wit h re-
gard to ha ir root atrophy. 
DISCUSSION 
The resul ts perta ining to shaft diameter agree 
wit h work repo rted elsewhere [3,4,7,8 J in t hat a 
signifi can t difference in shaft diameter was found 
between well-nourished and severely malnourished 
children. So far as can be determined, no work has 
been published on changes in shaft diameter in 
children with mild-moderate PCM . . 
From the resul ts on bulb diameter, it appears 
that in this study it was not apprec iably affected 
by PCM. This disagrees with results published by 
Bradfield and co-workers which show a sign ificant 
reduction in bulb di ameter in seve rely malnour-
ished children [17 ,19,20,23] and in children with 
mild-moderate PCM [17 ]. 
TABLE. Hair-root characteristics by weight/height 
! 
Shaft diameter , Bulb diameter J : Atrophy Group No.of ! % anagen % telogen (m m X lO- ') (mm x 10- ') I I (% of anagen) no. subjects mean ± 1 SO i mean ± 1 SO mean ± I SO mean ± I SO mean ± 1 SO 
1 a 23 5.4 ± 0.9* I U .5 ± 3.5* 80.1 ± 16.3* 34.0 ± 25.2* 19.9 ± 16.3* 
2b I 6 5.1 ± 0.3*·t 10.8 ± 3.1* 83.2 ± 13.7* 36.0 ± 22.2* 16.8 ± 13.7* 
3(' 14 4.4 ± 0.81' 10.3 ± 5.6* 48.1 ± 23.8t 34.3 ± 34.4* 51.9 ± 23.8t 
4" 12 4.8 ± 1.3* ·t 11 .2 ± 3.9' 72.7 ± 29.4 ' 31.5 ± 27.6* 27.3±29.4* 
a Group 1: well -nourished children (weight/ height = ~90% of sta ndard) (Subsample 1). 
b Group 2: children with mild-moderate PCM (weight/height = 71 - 89% of standard) (Subsample 1). 
e Group 3: children with severe PCM (Subsample 2). 
d Group 4: children hospitalized for conditions with a secondary effect on nut ri tional status (Subsample 3). 
*·t Values in the same column with at least one common superscr ipt are not s ignificantly different from one another 
(p > 0.05) . 
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The results obta ined in t his study wit h regard to 
% anagen and % telogen agree with res ults ob-
tain ed in Bradfield et aI's work with Andean 
Indian children [19 ,20] . In t hese ch ildren , s ignifi -
cant differences in % a nagen a nd in % te logen were 
found between well-nourished and severely mal-
nourished children. Bradfield has not reported on 
chan ges in t hese two characteristics in ch ildren 
with mild-moderate P CM . However, t he results 
reported here indicate a normal a nagen- telogen 
ratio in these children . 
Van Scott [28 ] reports t hat % anagen a nd 
consequently % telogen vary considerably in hair 
plucked from well-nourish ed children , % a nagen 
ranging from 65 to 95%. In light of t his large 
variation in % anagen and in % telogen even in 
well-nourished ch ildren, it is fe lt that when t hese 
characteristics are used to assess PCM , they 
should be interpreted with caution . In addition, a 
shift from anagen to telogen occ urs following 
tra umat ic exper iences and many illn esses such as 
high fevers acco mpanying infectious diseases [28]. 
Nammacher, Bradfield, and Arroyave [18] re-
port that ha ir root atrophy increases significant ly 
in severely malnourished children. The resul ts 
reported here, however, do not indicate a n increase 
in hair root atrophy with increas ing severity of 
PCM . This s uggests t hat ha ir root atrophy is not a 
reliable index of nutritional status. M aguire a nd 
Kligman [29] report t hat the ha ir root is a delicate 
tissue, and s ince some forc e is required to pluck 
hairs, it is diffi cult to know whether atrophy 
reflects nutritiona l stress or preparation tec hnique. 
Until t his uncertainty is removed , it is recom-
mended that atrophied bulbs be excl uded from a ll 
hair root measurements , particularly meas ure-
ments of bulb di a meter. 
The results obtained for the children hospital-
ized for cond itions with secondary effect on nutri-
tional status indicate t hat t hese conditions have a 
s imilar effect on ha ir root morphology as does 
mild-moderate P CM. All of t hese children cou ld be 
classified as having mild-moderate P CM on a 
weight/ height basis . 
Despite Bradfi eld 's repo rts to the cont rary [22 ], 
a very frequent criticis m of t he tech nique is that 
hair pI ucking is traumatic to t he subject. However, 
t his did not constitute a problem in this study. 
Though the h air pluckin g procedure was quite 
rapid, exam ination of the hair roots was found to 
be a ted ious and t ime-consum ing process. It took 
between 1 and 2 hr to prepare a nd exa mine the hair 
roots fro m each subject. This a lone does not 
recom mend the method for use in la rge-scale fie ld 
studies . 
Bradfield and Jelliffe have recommended t he 
method for use in diagnosing mild-moderate P CM 
[17]. However, t he results of the present study 
show that the method differentiates on ly well-
nourished from severely ma lnourished children . 
This a lso does not recommend the method for 
routine use. One certain ly does not need hair root 
morphology to ident ify severely malnouris hed chil-
dren. The large standard deviations obtained for 
each of the ha ir root characteristics indicate con-
siderable variation in t he manner and in t he extent 
to which PCM affects hair-root morphology. This 
means t hat th e method should not be used for 
assessing the nutri t ional status of in dividua ls, and 
consequently cannot be used for determining the 
prevalence of the different degrees of PCM. 
For t he reasons mentioned above, t he a uthors do 
not consider t he method to be a practical field 
t echnique for the assess ment of PCM. It shows no 
advantages over other methods, including an t hro-
pometric measurements and clinical signs, cur-
rently used in developing countries for t he fie ld 
assessment of P CM. 
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